1. Introduction {#sec1-animals-10-01101}
===============

Artificial insemination (AI) is the main reproductive biotechnology that can be applied in livestock. In goat breeding, it has a strong economic impact for the genetic improvement in intensive production systems \[[@B1-animals-10-01101]\], but it is also important in extensive systems, in order to guarantee breed preservation \[[@B2-animals-10-01101]\]. Despite the significant progress that has been made in this field, the diffusion of AI in goats is strongly penalized by the poor quality of frozen-thawed sperm confirmed by the huge variability in fertility rates \[[@B3-animals-10-01101]\]. It is already known that semen cryopreservation exerts detrimental effects on post-thaw semen motility, acrosomal status, plasma membrane and DNA integrity \[[@B4-animals-10-01101]\]. In addition, several reports attribute the low quality of goat sperm to different factors, such as age, breed, season and management practices \[[@B5-animals-10-01101],[@B6-animals-10-01101],[@B7-animals-10-01101],[@B8-animals-10-01101]\].

In particular, the breed is one of the main factors that affect seminal characteristics and freezability in goats \[[@B6-animals-10-01101]\], due to the variability among different breeds and among individual bucks of the same breed \[[@B9-animals-10-01101]\]. Goat-sperm freezing is also impaired by the presence of an egg-yolk-coagulating enzyme in seminal plasma, called phospholipase A \[[@B10-animals-10-01101]\]. This enzyme, secreted by the bulbourethral glands, reacts with lecithin in egg yolk, a main component of semen extender, compromising sperm viability \[[@B10-animals-10-01101]\]. To avoid this spermicidal effect, goat semen should be centrifuged to remove seminal plasma before freezing. However, the removal of the seminal plasma may be deleterious to sperm by decreasing the level of antioxidants that act as free radical scavengers to protect sperm against oxidative stress triggers from the freezing-thawing procedures \[[@B11-animals-10-01101]\]. Oxidative stress stimulates the formation of toxic lipid peroxides with deleterious effects on fertility through disrupting sperm membrane integrity and inducing DNA fragmentation, mitochondrial alterations and apoptosis \[[@B12-animals-10-01101]\].

One of the strategies to prevent oxidative stress is the supplementation of antioxidant compounds to semen extender prior to cryopreservation. Antioxidants provide a cryoprotective effect improving post-thawing sperm motility, viability, membrane and DNA integrity in bovine, boar, buffalo, stallion and deer spermatozoa \[[@B13-animals-10-01101],[@B14-animals-10-01101],[@B15-animals-10-01101],[@B16-animals-10-01101],[@B17-animals-10-01101]\]. In goats, the supplementation of semen extender with several antioxidants, such as quercetin, vitamin C and resveratrol, improved frozen-thawed sperm quality \[[@B18-animals-10-01101],[@B19-animals-10-01101],[@B20-animals-10-01101]\]. Recent in vitro studies carried out on carotenoids, organic pigments produced by plants and algae, reported a protective effect of these substances on DNA fragmentation and lipid peroxidation in human \[[@B21-animals-10-01101]\] and bovine spermatozoa \[[@B22-animals-10-01101]\]. Crocin, a water-soluble carotenoid present in saffron, acts as an antioxidant by quenching free radicals and protecting cells and tissues against oxidation \[[@B23-animals-10-01101]\]. Crocin also exhibits a protective effect against lipid peroxidation and DNA damage caused by free radicals in deer \[[@B24-animals-10-01101]\] and ram spermatozoa \[[@B25-animals-10-01101]\]. Moreover, Sapanidou et al. \[[@B22-animals-10-01101]\] reported that the incubation of bovine sperm in the presence of crocin improved motility, viability, membrane integrity and blastocyst rate. To the best of our knowledge, the effects of crocin on frozen-thawed goat sperm have still not been investigated. Therefore, the aim of the present study was to assess the effect of the inclusion of crocin in the semen extender before cryopreservation on sperm qualitative characteristics and among five different goat breeds: Garganica (GA), Jonica (JO), Maltese (MA), Mediterranean Red (MR) and Saanen (SA). In particular, post-thawing sperm motility, viability, morphology and membrane integrity, as well as DNA fragmentation and intracellular ROS levels, were evaluated.

2. Materials and Methods {#sec2-animals-10-01101}
========================

The reagents were bought from Merck/Sigma-Aldrich (Milano, Italy), if not specified.

2.1. Farm, Animals and Management {#sec2dot1-animals-10-01101}
---------------------------------

The trial was carried out between October and December 2019, in the experimental farm of the Council for Agricultural Research and Analysis of Agricultural Economy Analysis, Research Unit of Extensive Animal Production (CRA-ZOE, Potenza, Italy), on 20 bucks of five different breeds (GA, JO, MA, MR and SA). In particular, 4 bucks/breed (2--4 years age) were selected. In addition, a preliminary dose-response trial was performed on September 2019 on three bucks (4 ejaculates/buck of the same farm, to assess the ideal concentration of crocin to use during the experimental study on goat semen. Only bucks of proven fertility, according to the previous mounting season, were selected. The animals of each breed were maintained under the same management conditions, in paddocks that allowed 5 m^2^/head, and they received mixed hay ad libitum and a commercial concentrate supplementation (chemical composition: 88.20% of dry matter, 21.70% of crude protein, 23.00% of neutral detergent fiber and 1.77 Mcal kg^−1^ of net energy of lactation), according to their requirements, considering the mean body weight for each breed, following NRC recommendations \[[@B26-animals-10-01101]\]. Grazing was not allowed for all bucks from 15 days before the start of the trial. Experimental procedures and animal-care conditions followed the recommendations of the European Union directive 86/609/EEC. Furthermore, all procedures were approved by the OPBA---Ethics Committee for Animal Welfare of the University of Naples Federico II (Code: PG/2019/0028161).

2.2. Semen Collection {#sec2dot2-animals-10-01101}
---------------------

Semen collection was carried out by using the procedure described by Garde et al. \[[@B27-animals-10-01101]\]. Briefly, before semen collection, the rectum was cleaned of feces, and the preputial area was shaved and washed with physiological saline. Bucks were anesthetized by xylazine 2% (0.2 mg/kg LW Rompun^®^ 2% i.m.; Bayer, Milan, Italy), and semen collection was performed by a Bailey™ electroejaculator with an intermittent electrical stimulation. In particular, a consecutive series of 5 s pulses, each separated by a 5 s break, was performed three times. Ejaculates with urine contamination were rejected.

2.3. Assessment of Sperm Motility {#sec2dot3-animals-10-01101}
---------------------------------

Sperm motility was examined by phase contrast microscopy (Nikon E200) at 40× magnification on a glass slide overlaid with a coverslip and maintained on a temperature-controlled stage, at 37 °C. The percentage of motile spermatozoa was subjectively determined by analyzing five different microscopic fields for each semen sample \[[@B15-animals-10-01101]\].

2.4. Assessment of Sperm Viability and Morphology by Trypan Blue/Giemsa Technique {#sec2dot4-animals-10-01101}
---------------------------------------------------------------------------------

This method has been used as a routine staining in order to evaluate sperm viability and morphology \[[@B28-animals-10-01101]\]. Briefly, one drop of semen (5 μL) was placed on a glass slide and mixed with one drop (5 μL) of 0.27% Trypan blue; the mixture was spread, fixed for 2 min in paraformaldehyde solution 2% in PBS and stained with 7.5% Giemsa overnight. Sperm cells were observed under a light microscope at 40× magnification (Nikon E200) and differentiated for viability as acrosome intact live (AIL), acrosome intact dead (AID), acrosome-lost live (ALL) and acrosome-lost dead (ALD) and for morphology as normal (which includes abnormalities not reported to affect conception rates) and abnormal (which includes proximal droplets, head, mid-piece and tail defects) \[[@B29-animals-10-01101]\]. Two smears were analyzed for each ejaculate in fresh and in frozen-thawed samples, and the percentage of AIL sperm was considered as sperm viability.

2.5. Assessment of Sperm Membrane Integrity {#sec2dot5-animals-10-01101}
-------------------------------------------

On freshly ejaculated and cryopreserved spermatozoa after thawing, sperm membrane integrity was assessed by the hypoosmotic swelling (HOS) test, as described by Correa and Zavos \[[@B30-animals-10-01101]\]. The test was performed by mixing 50 µL of sperm sample with 0.50 mL of hypo-osmotic medium (0.73 g sodium citrate and 1.35 g fructose in 100 mL of distilled water, 150 mOsm) and incubating at 37 °C for 45 min. A 0.2 mL aliquot of the mixture was placed on a microscope slide warmed to 37 °C, covered with a 22 mm × 22 mm coverslip, and a minimum of 200 spermatozoa were examined, using phase contrast microscopy at 40× magnification (Nikon E200). The number of spermatozoa positive to HOS test (HOS+, having curled tails) was recorded.

2.6. Evaluation of DNA Fragmentation by Tunel Assay {#sec2dot6-animals-10-01101}
---------------------------------------------------

Tunel assay was performed with the In Situ Cell Death Detection, Fluorescein Kit (In, Roche, Indianapolis, IN, USA), according to manufacturer's instructions. Fresh and frozen-thawed sperm were fixed with 4% (*w*/*v*) paraformaldehyde in phosphate-buffered saline (PBS) for 30 min at room temperature. After fixation, the samples were centrifuged at 300× *g* for 10 min and resuspended in a permeability-enhancing solution containing 0.1% Triton X-100 in 0.1% sodium citrate for 10 min. Then the cells were washed twice in PBS--PVP and incubated in Tunel reaction mixture for 1 h at 37 °C, in a dark and humidified atmosphere. For a positive control, slides were treated with RNase-free DNase I, at room temperature, for 10 min, before incubation with the Tunel reagent. For a negative control, slides were incubated with all the components of the labeling solution, except for the terminal deoxynucleotidyl transferase enzyme. After one hour, slides were washed in PBS--PVP labeled with 1 mg/mL Hoechst 33342, for 30 min, at room temperature; they were then washed again in PBS--PVP and dropped (20 µL) on a glass slide in glycerol and overlaid with a coverslip. A minimum of 200 spermatozoa were examined in each sample by using a fluorescent microscope (Eclipse E-600; Nikon, Japan), under ultraviolet light, with excitation DAPI (460 nm for blue fluorescence) and FITC (520 nm for green fluorescence) filters. Digital images were acquired by using NIS-Elements-F software and a high-resolution color digital camera (Digital Sight DS-Fi 1C; Nikon, Japan), and the numbers of total (blue) and Tunel -positive (Tunel+, green) nuclei were registered.

2.7. Evaluation of ROS Levels {#sec2dot7-animals-10-01101}
-----------------------------

ROS levels were measured by spectrofluorometric analysis of Dihydroethidium (DHE), as previously described \[[@B31-animals-10-01101]\]. This probe is a cell-permeable compound oxidized by superoxide anion (O~2~^−^) to ethidium bromide that binds to DNA and emits red fluorescence. DHE (2 µM) was added to frozen-thawed sperm samples and incubated in the dark, at room temperature, for 20 min. Absorbance was monitored at 570 nm, using a plate reader (GloMax^®^-Multi Detection System-Promega, Milano). ROS levels were evaluated as arbitrary units of fluorescent signal.

2.8. Experimental Design {#sec2dot8-animals-10-01101}
------------------------

In the preliminary dose-response trial (Experiment 1), semen samples from three bucks (4 ejaculates/buck) were collected by electroejaculation (see below), and only the ejaculates with ≥60% motility were utilized. Immediately after sperm collection, volume (mL) measured by a conical graduated tube and concentration (10^9^/mL) estimated by a spectrophotometer (LKB Biochrom Ltd. Novaspec II, Cambridge, England) were evaluated. Each ejaculate was centrifuged 2000× *g* 5 min, to remove seminal plasma, divided in four aliquots and diluted at 37 °C with a Tris-egg-yolk-based extender, containing 0 (control group) 0.5, 1 and 2 mM of crocin. Aliquots were then packaged in 0.25 mL French straws and subjected to a combined cooling with equilibration period of 3 h at 5 °C. The straws were frozen with a four-step accelerating cooling rate protocol from 5° to −5° at 4 °C/min, −5 °C to −110 °C at 25 °C/min and −110 °C to −140 °C at 35 °C/min, in an automatic programmable biological cell freezer (IMV technology, L'Aigle, France). Then straws were plunged into liquid nitrogen (−196 °C) for storage. After thawing at 37 °C in a water bath for 30 s, sperm motility, viability, morphology, and membrane integrity, as well as DNA fragmentation, were evaluated. According to the results of the dose-response trial, a 1 mM crocin concentration was chosen.

In Experiment 2, during the breeding season, sperm (4 ejaculates/buck) were collected, evaluated and centrifuged, as specified above. Each ejaculate was divided into two aliquots and diluted at 37 °C with a Tris-egg-yolk-based extender, containing 0 (control group) and 1 mM crocin, to a final concentration of 100 × 10^6^ spermatozoa/mL. Aliquots were frozen as previously described, and on fresh (before seminal plasma separation) and frozen-thawed sperm, motility, viability, morphology, and membrane integrity, as well as DNA fragmentation and ROS levels, were evaluated. Frozen--thawed samples were evaluated within two months of storage in liquid nitrogen.

2.9. Statistical Analysis {#sec2dot9-animals-10-01101}
-------------------------

Differences on sperm motility, viability, morphology, membrane integrity, DNA fragmentation and ROS production of fresh and frozen-thawed semen among breeds were analyzed by a repeated measured Linear Mixed Model ANOVA (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp), after confirmation of normality and homogeneity of variance. Breed, freezing and crocin presence were considered, respectively, as fixed factors for each analysis, with the buck as repeated effect. In particular, differences among breeds (on fresh and frozen-thawed semen, separately), between fresh and frozen-thawed semen (on the total and within each breed) and finally between the presence and absence of crocin on frozen-thawed semen (on the total and within each breed) were evaluated.

The effect of age, breed, treatment by crocin and their interactions were considered as main factors. All results are shown as mean ± standard error (SE). A value of *p* \< 0.05 was considered statistically significant, whereas a tendency was considered for *p* \< 0.10.

3. Results {#sec3-animals-10-01101}
==========

The results of Experiment l are shown in [Table 1](#animals-10-01101-t001){ref-type="table"}. In particular, sperm motility increased significantly (*p* \< 0.01) with 1 mM of crocin, compared to the other tested crocin concentrations. However, no differences were found among groups in AIL, ALL + ALD and HOS+ parameters. Interesting, a significant reduction (*p* \< 0.01) of the percentage of spermatozoa with DNA fragmentation was recorded in the 1 mM group, compared to the other groups. According to these results, the 1mM crocin concentration was selected for further studies.

The analysis of fresh semen parameters was carried out to assess the starting semen quality and the differences among the selected breeds. The results regarding sperm volume, concentration, motility, viability and abnormalities are shown in [Table 2](#animals-10-01101-t002){ref-type="table"}. In particular, the volume of the ejaculate in MR was higher (*p* \< 0.05), while SA showed the lowest (*p* \< 0.05) sperm concentration and acrosome integrity compared to the other breeds. In addition, the percentage of sperm abnormalities was reduced (*p* \< 0.05) in MA and MR, while sperm motility was not different among breeds ([Table 2](#animals-10-01101-t002){ref-type="table"}). Similarly, the percentages of HOS+ and Tunel + did not change among breeds (on average, 65.4 ± 3.4 and 10.2 ± 2.5%, respectively).

Regardless of the breeds, the freezing process led to a decrease in all sperm parameters recorded, confirming the deleterious effect of cryopreservation on goat sperm ([Table 3](#animals-10-01101-t003){ref-type="table"}). Furthermore, the percentage of spermatozoa with DNA fragmentation increased significantly (*p* \< 0.05) in all breeds, as compared to fresh semen, except for SA, where the decrement was not significant ([Table 3](#animals-10-01101-t003){ref-type="table"}). In particular, among breeds, SA displays the lowest (*p* \< 0.01) percentage of Tunel-positive spermatozoa, as well as the lowest percentages of motility and AIL (*p* \< 0.05), compared to the other breeds. In addition, ALL + ALD was higher (*p* \< 0.05) in MR, compared to all breeds; similarly, the percentage of HOS+ was higher (*p* \< 0.05) in MR compared to JO ([Table 3](#animals-10-01101-t003){ref-type="table"}).

The most interesting results regarding the inclusion of crocin in the extender before cryopreservation of goat sperm are shown in [Table 4](#animals-10-01101-t004){ref-type="table"}. In particular, on frozen-thawed sperm, 1 mM of crocin significantly improved (*p* \< 0.05) sperm motility in all breeds, except for MR, as compared to the 0 mM (control) group. On the contrary, no differences in sperm AIL, ALL + ALD and membrane integrity were reported between the experimental groups ([Table 4](#animals-10-01101-t004){ref-type="table"}). Interestingly, among breeds, crocin supplementation improved (*p* \< 0.05) in SA the percentages of HOS+, although SA still showed the lowest motility (*p* \< 0.05), compared to the other breeds. In addition, an increase (*p* \< 0.05) in AIL was recorded in GA and MR, compared to JO and MA, while no differences were recorded for SA.

Furthermore, 1 mM crocin supplementation caused a significant decrease (*p* \< 0.01) of the percentage of spermatozoa with DNA fragmentation, compared to the control group (19.2 ± 3.6 vs. 11.7 ± 2.3, respectively), regardless of the breeds. Among breeds, a significant (*p* \< 0.05) decrease in DNA fragmentation was observed in GA and SA, while no differences were detected in the crocin-treated group for JO, MA and MR, despite the marked reduction of Tunel-positive spermatozoa ([Figure 1](#animals-10-01101-f001){ref-type="fig"}).

Finally, crocin supplementation significantly (*p* \< 0.01) reduced ROS levels in each breed, compared to the control group, as shown in [Figure 2](#animals-10-01101-f002){ref-type="fig"}. Consequently, crocin's effect was even more evident independently of the breed (437.8 ± 4.9 vs. 347.6 ± 2.8; *p* \< 0.01 in control and crocin group, respectively).

4. Discussion {#sec4-animals-10-01101}
=============

The present trial focused on the development of strategies to improve the quality of cryopreserved goat sperm, using an experimental extender supplemented with crocin, a natural substance known for its antioxidant properties. The results of this study showed that crocin had a beneficial effect on sperm motility and DNA integrity, reducing oxidative stress of frozen-thawed goat sperm in different breeds. Semen quality variation exists from different breeds, within breed and individual bucks \[[@B32-animals-10-01101],[@B33-animals-10-01101]\]. The identification of breed-specific differences in the performance of bucks should help to manage semen samples in AI programs. Breed, as well as age, nutrition, seasonality and management, influences semen goat characteristics \[[@B6-animals-10-01101]\]. Therefore, to limit the potential influence of these factors, the bucks involved in this study belonged to a homogenous group (similar age and diet) in the same farm and under the same management conditions throughout the experimental period. In addition, as it is known that male goats are seasonal breeders and their reproductive activities are influenced by photoperiod \[[@B34-animals-10-01101]\], the trial was performed in autumn, during the breeding season at our latitude.

The results on fresh semen pointed out that sperm volume and concentration differed among breeds, as well as the percentage of abnormal spermatozoa. These data are in accordance with several studies that reported significant variations in semen quality among breeds and individual bucks \[[@B31-animals-10-01101],[@B32-animals-10-01101]\]. In particular, in our study, Saanen bucks showed lower sperm volume, concentration, and acrosome integrity, as well as the highest percentage of sperm abnormalities, as compared to the other breeds. Evans and Maxwell \[[@B35-animals-10-01101]\] reported that, on small ruminants, an ejaculate can be considered of good fertilizing quality with 15 to 20% of sperm abnormalities. Abnormally shaped or damaged sperm have been negatively correlated to fertility \[[@B36-animals-10-01101]\]. It is worth noting that the abnormalities recorded in this study were principally secondary abnormalities that included loose heads, droplets of cytoplasm on the tail or midpiece and bent tails. These defects occurred during the later stages of sperm development, during ejaculation or during the collection process and are usually classified as minor sperm abnormalities that may lead to subfertility \[[@B37-animals-10-01101]\].

Another result of this study was the evident decline in the quality of semen after cryopreservation. Previous studies reported that goat sperm does not have high adaptability to temperature changes, which may contribute to sperm sensitivity \[[@B38-animals-10-01101],[@B39-animals-10-01101]\]. The semen freezing--thawing procedure is known to induce damages on sperm plasma membrane, reducing motility and acrosome integrity of goat spermatozoa \[[@B3-animals-10-01101]\]. In our study, regardless of breed, freezing decreased sperm motility, viability, and acrosome integrity, increasing the percentage of DNA fragmentation. These data are particularly important because DNA fragmentation negatively affects both the fertilizing capacity of spermatozoa and the subsequent embryo development in vitro \[[@B40-animals-10-01101],[@B41-animals-10-01101]\].

The most interesting results emerged when crocin was added to the semen extender before freezing. The effect of crocin has been assessed on motility, vitality, membrane integrity, DNA fragmentation and ROS levels. Crocin significantly improves motility in GA, JO, MA and SA breeds, while no difference emerged for MR compared to the control group. Motility is one of the most important indicators of the potential fertilizing ability of spermatozoa \[[@B42-animals-10-01101]\]. Similar results were reported in cattle, in which 1 mM of crocin was the most effective in improving motility \[[@B22-animals-10-01101]\]. Likewise, in other papers, the beneficial effect of saffron and its bioactive components, including crocin, on motility, viability and membrane integrity in the spermatozoa of human, rat, rooster and rabbit were reported \[[@B43-animals-10-01101],[@B44-animals-10-01101],[@B45-animals-10-01101],[@B46-animals-10-01101]\]. In this study, however, no differences were recorded for sperm viability and membrane integrity that were high, regardless of breeds and treatment. On the contrary, in a recent study in bovine, membrane integrity was improved in the presence of crocin \[[@B22-animals-10-01101]\]. These slight differences are likely attributable to species-specific peculiarities. Furthermore, crocin markedly reduced DNA fragmentation compared to the control group. Similarly, a decrease in the DNA fragmentation index was recorded in ram spermatozoa when the antioxidant was added to the extender before freezing \[[@B25-animals-10-01101]\]. Sapanidou et al. \[[@B22-animals-10-01101]\] reported a decrement of DNA integrity in the presence of 1 and 2 mM of crocin. It is already known that a positive correlation exists between ROS production and DNA fragmentation \[[@B39-animals-10-01101]\]. The cold shock caused by freezing and thawing procedures increases the susceptibility of semen to oxidative stress due to an increment in ROS production \[[@B47-animals-10-01101]\]. ROS have been shown to change cellular functions through the disruption of the sperm plasma membrane and damage to proteins and DNA \[[@B47-animals-10-01101]\]. The addition of antioxidants can reduce ROS production and preserve the integrity of sperm chromatin \[[@B48-animals-10-01101]\].

Accordingly, to reduced DNA fragmentation, crocin also showed a significant decrement in the production of superoxide anion, measured by DHE fluorescence intensity in all breeds. A reduction of ROS levels was also observed in bovine sperm treated with crocin \[[@B22-animals-10-01101]\]. In contrast, in red deer, crocin failed to decrease ROS production, while it was effective in protecting sperm exposed to exogenous oxidative stress \[[@B24-animals-10-01101]\]. The production of ROS is a normal physiological process, but freezing--thawing procedures induce an imbalance between ROS generation and scavenging activity that is detrimental to the sperm. It is known that antioxidants can be used to prevent the negative effect of oxidative stress due to the generation of ROS on sperm parameters in different species \[[@B13-animals-10-01101],[@B14-animals-10-01101],[@B15-animals-10-01101],[@B16-animals-10-01101],[@B17-animals-10-01101]\]. Crocin, in particular, is known to be a powerful scavenger of free radicals, especially superoxide anions, and stimulates glutathione synthesis, providing cells a protection from oxidative stress \[[@B49-animals-10-01101]\]. The exact mechanism by which crocin acts is not yet full elucidated; however, it is possible to speculate that the reduction of ROS levels observed in this trial may be related to the scavenger ability of this antioxidant to face against the overproduction of ROS induced by cryopreservation.

5. Conclusions {#sec5-animals-10-01101}
==============

In conclusion, the results of this study demonstrated that crocin is able to reduce oxidative stress, with a beneficial effect on sperm motility and DNA integrity, hence on the quality of the frozen-thawed goat sperm in different breeds. These preliminary data represent an excellent starting point for further studies aimed to deepen knowledge on the mechanism of action of this antioxidant compound and to assess the effect of crocin on sperm fertilizing ability, in order to optimize the cryopreservation procedures and the diffusion of AI in this species.
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animals-10-01101-t001_Table 1

###### 

Effect of different crocin concentrations on frozen-thawed semen qualitative characteristics. Data are expressed as mean values ± SEM.

  Crocin   Motility (%)      AIL \* (%)   ALL + ALD \*\* (%)   HOS+ \*\*\* (%)   Tunel+ \*\*\*\* (%)
  -------- ----------------- ------------ -------------------- ----------------- ---------------------
  0 mM     63.1 ± 0.2 ^A^    74.8 ± 1.8   25.2 ± 1.7           63.3 ±1.5         21.4 ± 4.1 ^A^
  0.5 mM   65.0 ± 1.2 ^A^    75.2 ± 1.9   24.8 ± 1.8           62.9 ± 2.3        18.4 ± 2.7 ^A^
  1 mM     73.3 ± 0.5 ^B^    75.1 ± 2.1   24.9 ± 2.0           66.3 ± 2.1        9.8 ± 1.6 ^B^
  2 mM     57.5 ± 0.8 ^AC^   74.8 ± 2.0   25.2 ± 1.5           65.1 ± 1.6        22.8 ± 3.4 ^A^

^A,B,C^ Values within rows for each breed with different superscripts are different; *p* \< 0.01. \* AIL = acrosome intact live; \*\* ALL = acrosome loss live; ALD = acrosome loss dead; \*\*\* HOS+ = membrane integrity; \*\*\*\* Tunel + = DNA fragmentation index.

animals-10-01101-t002_Table 2

###### 

Fresh semen qualitative characteristics in different breeds: Garganica (GA), Jonica (JO), Maltese (MA), Mediterranean Red (MR) and Saanen (SA). Data are expressed as mean ± SEM.

  Breed   Volume (mL)      Concentration (10^9^/mL)   Motility (%)   AIL (%)          Abnormalities (%)
  ------- ---------------- -------------------------- -------------- ---------------- -------------------
  GA      0.7 ± 0.1 ^B^    6.0 ± 0.9                  70.0 ± 3.0     83.1 ± 2.1       21.3 ± 4.5 ^a^
  JO      0.9 ± 0.1 ^AB^   4.7 ± 1.0                  68.0 ± 1.3     76.2 ± 3.9       19.5 ± 3.5 ^a^
  MA      0.8 ± 0.1 ^b^    6.5 ± 0.6 ^a^              70.7 ± 3.6     82.0 ± 3.5       10.9 ± 2.1 ^b^
  MR      1.1 ± 0.1 ^Aa^   5.8 ± 1.0                  67.8 ± 5.6     85.1 ± 3.6 ^a^   12.1 ± 2.4 ^b^
  SA      0.7 ± 0.1 ^B^    3.8 ± 0.9 ^b^              70.5 ± 2.9     69.7 ± 6.4 ^b^   23.0 ± 6.0 ^a^

^A,B^ Values within columns with different superscripts are different; *p* \< 0.01. ^a,b^ Values within columns with different superscripts are different; *p* \< 0.05.

animals-10-01101-t003_Table 3

###### 

Fresh and frozen-thawed semen qualitative characteristics in different breeds: Garganica (GA), Jonica (JO), Maltese (MA), Mediterranean Red (MR) and Saanen (SA). Data are expressed as mean ± SEM.

  Breed    Group            Motility (%)     AIL \* (%)       ALL + ALD \*\* (%)   HOS+ \*\*\* (%)   Tunel+ \*\*\*\* (%)
  -------- ---------------- ---------------- ---------------- -------------------- ----------------- ---------------------
  GA       Fresh            70.0 ± 3.0       83.1 ± 2.1 ^A^   6.1 ± 1.7 ^A^        67.8 ± 2.4        7.8 ± 2.0 ^A^
  Frozen   65.0 ± 1.5       70.8 ± 2.9 ^B^   23.7 ± 2.0 ^B^   61.0 ± 3.3           23.2 ± 4.0 ^B^    
  JO       Fresh            68.0 ± 1.3       76.2 ± 3.9       4.7 ± 1.5 ^A^        61.0 ± 2.8        12.1 ± 3.1 ^a^
  Frozen   60.0 ± 3.8       70.2 ± 2.4       21.8 ± 2.4 ^B^   58.2 ± 1.9           22.8 ± 3.4 ^b^    
  MA       Fresh            70.7 ± 3.6       82.0 ± 3.5 ^A^   7.1 ± 2.5 ^A^        67.3 ± 3.3        9.7 ± 2.8 ^a^
  Frozen   65.7 ± 2.5       67.1 ± 3.2 ^B^   22.5 ± 2.8 ^B^   64.9 ± 3.2           22.1 ± 4.4 ^b^    
  MR       Fresh            67.3 ± 5.6       85.1 ± 3.6 ^a^   3.5 ± 1.0 ^A^        68.4 ± 2.1        9.9 ± 1.6 ^a^
  Frozen   66.0 ± 3.4       76.0 ± 2.1 ^b^   15.2 ± 1.6 ^B^   66.6 ± 3.6           20.4 ± 4.6 ^b^    
  SA       Fresh            70.5 ± 2.9 ^A^   69.7 ± 6.4       4.1 ± 1.6 ^A^        64.6 ± 4.9        7.5 ± 1.4
  Frozen   50.0 ± 6.6 ^B^   62.5 ± 3.2       26.0 ± 5.2 ^B^   61.5 ± 6.1           11.6 ± 3.1        
  TOTAL    Fresh            69.3 ± 3.3 ^a^   79.2. ±3.9 ^A^   5.1 ± 1.7 ^A^        65.8 ± 3.1        9.4 ± 2.2 ^A^
  Frozen   61.3 ± 3.6 ^b^   69.3 ± 2.8 ^B^   21.8 ± 2.8 ^B^   62.4 ± 3.6           20.0 ± 3.9 ^B^    

^A,B^ Values within rows for each breed with different superscripts are different; *p* \< 0.01. ^a,b^ Values within rows with different superscripts are different; *p* \< 0.05. \* AIL = acrosome intact live; \*\* ALL = acrosome loss live; ALD = acrosome loss dead; \*\*\* HOS+ = membrane integrity; \*\*\*\* Tunel+ = DNA fragmentation index.

animals-10-01101-t004_Table 4

###### 

Frozen--thawed semen qualitative characteristics between 0 mM (control) and 1 mM crocin groups in different breeds: Garganica (GA), Jonica (JO), Maltese (MA), Mediterranean Red (MR) and Saanen (SA). Data are expressed as mean ± SEM.

  Breed         Group            Motility (%)     AIL \* (%)   ALL + ALD \*\* (%)   HOS+ \*\*\* (%)
  ------------- ---------------- ---------------- ------------ -------------------- -----------------
  GA            Control          65.0 ± 1.5 ^A^   70.8 ± 2.9   23.7 ± 2.0           61.0 ± 3.3
  1 mM crocin   74.2 ± 1.8 ^B^   78.1 ± 3.0       18.0 ± 2.7   63.2 ± 1.9           
  JO            Control          60.0 ± 3.8 ^A^   70.2 ± 2.4   21.8 ± 2.4           58.2 ± 1.9
  1 mM crocin   74.0 ± 2.7 ^B^   71.4 ± 1.3       23.8 ± 1.0   65.0 ± 3.9           
  MA            Control          65.7 ± 2.5 ^A^   67.1 ±3.2    22.5 ± 2.8           64.9 ± 3.2
  1 mM crocin   74.3 ± 2.0 ^B^   69.1 ±.2.0       24.1 ± 2.0   63.6 ± 2.4           
  MR            Control          66.0 ± 3.4       76.0 ± 2.1   15.2 ± 1.6           66.6 ± 3.6
  1 mM crocin   64.0 ± 1.6       76.2 ± 1.9       15.0 ± 1.1   67.6 ± 2.4           
  SA            Control          50.0 ± 6.6 ^a^   62.5 ± 3.2   26.0 ± 5.2           61.5 ± 6.1
  1 mM crocin   60.0 ± 5.8 ^b^   73.5 ± 6.0       21.5 ± 4.9   75.0 ± 3.5           
  TOTAL         Control          61.3 ± 3.6 ^A^   69.3 ± 2.8   21.8 ± 2.8           62.4 ± 3.6
  1 mM crocin   69.3 ± 2.8 ^B^   73.7 ± 2.9       20.5 ± 2.3   66.9 ± 2.8           

^A,B^ Values within rows for each breed with different superscripts are different; *p* \< 0.01. ^a,b^ Values within rows with different superscripts are different; *p* \< 0.05. \* AIL = acrosome intact live; \*\* ALL = acrosome loss live; ALD = acrosome loss dead; \*\*\* HOS+ = membrane integrity.
